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(57) A touch-sensitive semiconductor chip having a 
physical interface to the environment, where the surface 
of the physical interface is coated with a fluorocarbon 
polymer. The polymer is highly scratch resistant and has 
a characteristic low dielectric constant for providing a 



low attenuation to electric fields. The polymer can be 
used instead of conventional passivation layers, thereby 
allowing a thin , low dielectric constant layer between the 
object touching the physical interface, and the capaci- 
tive sensing circuits underlying the polymer. 
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Descripti n 

[0001] Th present inv ntion relat s in general to 
semiconductor devices and processing methods, and 
more particularly to the use of an organic polymer pro- 
tective coating on semiconductor chips having surfaces 
exposed to the environment. 

[0002] This U. S. patent application is related to U. S. 
patent applications filed herewith, and identified as At- 
torney Docket Numbers 01-C-040 and 01-C-041 . 
[0003] Integrated circuits are employed in many dif- 
ferent environments which require protection against 
mechanical damage, chemical deterioration, electro- 
magnetic and electrostatic invasion, and a host of other 
agents. Conventional integrated circuits are fabricated 
on wafers, each of which consists primarily of a monoc- 
rystalline silicon substrate. Upon completion of the fab- 
rication process, the wafer is si iced into separate square 
or rectangular chips, each including a complete integrat- 
ed circuit, which is then encapsulated to form a finished 
device. 

[0004] The manner in which an integrated circuit is 
fabricated and packaged determines in a large part how 
well the chip is protected from the foregoing environ- 
mental effects. The outer package of an integrated chip 
is intended to provide mechanical protection, and to a 
certain degree moisture protection. The integrated chip 
itself is fabricated with various passivation layers to pro- 
vide intimate protection from numerous environmental 
attacks, including ion diffusion (sodium ions especially) 
into the active circuitry of the semiconductor chip. An 
industry standard for passivation of a semiconductor 
chip is to deposit an inorganic silicon nitride material 
over the surface of the chip. This passivation material 
provides an excellent barrier and protects the active cir- 
cuitry from the adverse effects of moisture, sodium and 
other similar ions. 

[0005] Integrated circuits have traditionally been 
packaged with a plastic, ceramic or other type of encap- 
sulating material to provide mechanical and moisture 
protection to the chip. The pins or contact pads of the 
packaged chip are accessible to provide electrical ac- 
c ss to the circuits of the chip. This is a common pack- 
aging technique, as the only access required to the chip 
is by way of electrical signals. 

[0006] A new generation of integrated circuit chips 
has evolved where a mechanical or physical input to the 
chip is necessary. One such type of integrated circuit is 
used in the biometric field where a physical input, such 
as a finger touch to the chip, is used so that correspond- 
ing signals can be processed by the chip to produce an 
output related to the touch. In one family of integrated 
chips, a surface or physical interface of the chip is not 
encased or encapsulated in the conventional manner, 
but rather is accessible for touching by a fingertip so the 
image of a fingerprint can b el ctrically gen rat d by 
the circuits of the chip. An array of sensing capacitors 
is fabricated near the exposed surface of the chip to 



s nse the ridges and valleys of the fingerprint. Such type 
of integrated circuit is disclosed in U.S. Pat. No. 
6,114,862 by Tartagni, et. al., assigned to the assignee 
hereof. Other sensing techniques are available in inte- 
5 grat d circuits f r reproducing a person's fingerprint 
when the integrated circuit is touched. 
[0007] When a physical interface is necessary be- 
tween the integrated circuit chip and the environment, 
special precautions must be taken, as the use of con- 
10 ventional encapsulation is often not an option. The phys- 
ical interface must not interfere with the interaction be- 
tween the environment and the chip, whether it be the 
texture of an object such as a fingerprint, the tempera- 
ture of the article physically contacting the chip inter- 
ns face, optical inputs, etc. When an integrated circuit chip 
is provided with a physical interface exposed to the en- 
vironment, there is always a concern that such an inter- 
face is sufficiently rugged, but yet also sufficiently pro- 
tective to the underlying circuits. Conventionally, the 
so physical interface to biometric fingerprint sensors in- 
volves the use of a very thin silicon carbide layer cover- 
ing a silicon nitride passivation layer. Silicon carbide is 
well known for its durability, in that it is an extremely hard 
material. When used with capacitor-type fingerprint sen- 
25 sons, the thickness of the passivation layer and the phys- 
ical protective layer should be relatively thin so as not 
to compromise the sensitivity of the sensing circuits to 
the differences in the physical properties that exist be- 
tween the ridges (flesh) and valleys (air gaps) of the fin- 
so gerprint. It has been found that when a thin silicon car- 
bide layer is used for the physical interface, it is very 
durable and highly wear resistant, but can nevertheless 
crack or break when subjected to concentrated loads. 
Although the silicon carbide material provides an ex- 
35 tremely hard physical interface, the brittle characteristic 
of such material is a disadvantage, especially when it is 
subjected to impact forces produced by sharp or pointed 
objects. 

[0008] Fig. 1 illustrates the material layers of a con- 

40 ventional semiconductor chip of the type that has a 
physical interface to the environment. In this type of in- 
tegrated circuit, a metal layer 10 forming a network is 
deposited on an intermediate layer, and patterned, so 
as to form a matrix of fringing capacitors to sense the 

45 ndges and valleys of a fingerprint. The principle of op- 
eration of such type of integrated circuit is set forth in 
more detail in U. S . Pat. No. 6, 114, 862, noted above. 
The basic structure includes two side-by-side capacitor 
plates at each sensor cell or pixel of an array of such 

so pixels. The skin surface of the user's finger, when 
pressed against the sensing surface or physical inter- 
face, forms a common capacitor plate with the side-by- 
side plates at each pixel and effectively modulates the 
fringing capacitance between the plates. The change in 

55 the fringing capacitance is sensed to determine the 
presence of a fing rprint ridge or valley at the particular 
pixel location. A plurality of pixels arranged in a matrix 
thus provide a complete image of the fingerprint. 
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[0009] In the construction of a fringing capacitor, 
touch-sensitive chip, a dielectric layer 12 is deposited 
over the silicon wafer or substrate 14. An interconn ct 
m tal 1 6 is deposited over the dielectric layer 1 2 and 
patterned to provide interconnections between circuits 
formed in the silicon mat rial of the substrate 14. At this 
point, the device structure is planarized by depositing a 
material 18 over the patterned metal 16 and planarizing 
the material 1 8. One or more intermediate layers 20 and 
22 may be formed over the planarized surface of the 
device. The metal network 1 0 forming the plates of the 
fringing capacitors is formed on the intermediate layers 
20 and 22, and again planarized using a material 24, 
such as a conventional FOX spin-on glass, or othersuit- 
able material. 

[001 0] I n order to provide a mechanical and chemical 
protective coating over the surface of the touch- sensi- 
tive portion of the chip, it is a conventional practice to 
form one or more passivation layers of a hard and chem- 
ically resistant material, such as silicon nitride 26 and/ 
or silicon carbide 28. In many instances, even when a 
silicon carbide passivation layer is employed, an under- 
lying silicon nitride layer is also used, as it is well ac- 
cepted in the industry for its excellent passivation prop- 
erties. In other words, when the passivation of a new 
chip constitutes at least some silicon nitride, the chips 
are more readily accepted and qualified according to 
conventional semiconductor processing standards. 
Semiconductor industry standards recognize that sili- 
con nitride is excellent in providing a barrier to ionic dif- 
fusion and moisture ingestion. While these passivation 
materials are well suited for standard semiconductor 
chips, such materials have many of the shortcomings 
noted above. 

[0011] The selection of a passivation material for a 
semiconductor chip that requires an environmental in- 
terface is important, insofar as the dielectric constant is 
concerned. This is especially the case when touch-sen- 
sitive chips are concerned. In this type of chip, pertur- 
bations in the capacitive electric field are sensed to de- 
termine the contour of the object touching the physical 
interface of the chip. The electric field between the ob- 
ject touching the chip and the underlaying fringing ca- 
pacitor network is a function of the dielectric constant of 
the material layers therebetween. As a result, it has 
b en found that passivation layers are better suited for 
touch-sensitive chips, when such layer(s) have a rela- 
tively low dielectric constant. It is well known that the 
inorganic silicon-based passivation materials, such as 
silicon nitride, have a relatively high dielectric constant 
in the range of about 8-9. Silicon carbide has a dielectric 
constant of about 9.7. Other dielectric materials, such 
as the organic family of the polyimide materials, have a 
relative high dielectric constant in the range of about 3 
- 8. 

[0012] An important consideration in the design of a 
physical interface for touch-s nsitive chips, is that of 
"ghosting". The prop rties of the material selected for 



the physical interface may exacerbate ghosting, wh re 
the oils and/or water of previous finger prints remain af- 
ter the finger is removed. These residues can produce 
a latent image to the chip even when there is no finger 
5 present. This creates problems with security equipment 
and may interf r with th correct recognition of a cur- 
rent finger print image. 

[0013] In selecting the type of material for use as a 
passivation layer for touch -sensitive chips, the thick- 

10 ness of the passivation layer(s) is also a consideration. 
While thick layers provide a better barrier to chemical 
invasion and mechanical shock, the sensitivity of the ca- 
pacitive reaction between the object and the fringing ca- 
pacitive network is reduced when the passivation layer 

15 is thicker. Hence, for optimum performance of a touch- 
sensitive, fringing capacitive chip, the passivation layer 
should be highly rugged and resistant to impact shock 
and scratches, provide a barrier to chemical invasion, 
be hydrophobic and oleophobic, have a relatively low 

20 dielectric constant, and be able to be deposited on the 
chip surface as a thin layer. 

[0014] An organic fluoropolymer has recently been 
developed for use with semiconductor chips. The poly- 
mer is disclosed in U.S. Pat. Nos. 4,977,297 and 

25 4,982,056 by Squire, and issued to E. I. du Pont de Ne- 
mours and Company ( w DuPont"). This material has a 
low dielectric constant of about 2.1 , maki ng it well adapt- 
ed for use with electrical and electronic applications, 
such as between circuit layers in multi-layer circuit 

30 boards. In the Squire patents, the polymer is also indi- 
cated as being useful for coating and encapsulating 
electronic circuits using a solution coating process. 
[0015] A Teflon® amorphous fluoropolymer (Teflon 
AF) is available for use with semiconductor circuits. The 

35 Teflon A F has a dielectric constant of 1 .89 - 1 .93, and 
thus makes it a good candidate for use as passivation 
layers and for encapsulation of hybrid/sandwich inte- 
grated circuit packaging. The Teflon AF material can be 
applied in thin coatings, to the micron level. Teflon® is 

40 DuPont's registered trademark for fluorinated ethylene 
propylene, and is used in connection with a variety of 
low-friction, highly durable products. 
[0016] It can be seen from the foregoing that a need 
exists for a physical interface on integrated circuits, 

45 where the physical interface is rugged, durable and less 
susceptible to breakage when subjected to point contact 
loading, and the like. Another need exists for a single 
thin physical layer on integrated circuits that can replace 
the traditional silicon nitride and silicon carbide layers, 

so thereby increasing the sensitivity of the sensing circuits. 
Yet another need exists for an organic passivation layer 
that is rugged but somewhat compliant, thereby reduc- 
ing the tendency of the physical interface to break or 
crack. A need exists for a physical interface to an inte- 

55 grated chip, where the physical interface reduces laten- 
cy eff cts and hypersensitivity to moisture, oils, etc. 
[0017] The present invention disclosed and claimed 
herein, in one aspect th reof, comprises a method of 
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passivating an integrated circuit of the type having a 
physical interface to the environment. In accordance 
with the principles and concepts of the invention, the 
method inciud s the step of depositing a fiuorocarbon 
polymer as an outer layer of the physical interface. This 
type of physical interface can be appli d to the integrat- 
ed chip as a thin layer that is tough, compliant, and ex- 
hibits a low coefficient of friction so that it is resistant to 
abrasion, scratches and other forms of mechanical 
damage. The low dielectric constant characteristics of 
the fiuorocarbon polymer make It well adapted for use 
in fringing capacitive type biometric sensors. 
[0018] When a fiuorocarbon polymer is used as the 
physical interface to a touch -sensitive chip, the latency 
of the residual image (once the finger is removed) is sub- 
stantially reduced. 

[0019] In another form of the invention, the fiuorocar- 
bon polymer can be deposited on the outer surface of 
the integrated circuit as a passivation layer, in lieu of the 
conventional silicon nitride and silicon carbide passiva- 
tion layers. For ease of operation, the fiuorocarbon pol- 
ymer can be applied by spray techniques over the active 
circuits of the semiconductor device, in the window area 
of the encapsulation to provide the physical interface to 
the environment. 

[0020] In another aspect of the invention, the conven- 
tional planarizing and overlying passivation layers of an 
integrated circuit can be replaced with an organic layer 
of fiuorocarbon polymer which can be pianarized, and 
which also functions as a passivation layer for the chip. 
In addition, a gettering agent can be implanted in the 
fiuorocarbon polymer material to immobilize deleterious 
ions, such sodium ions. 

[0021] In yet another aspect of the invention, particles 
can be implanted into the surface of the fiuorocarbon 
polymer to produce variations in the electrostatic field 
generated by thefringing capacitors of a touch-sensitive 
integrated circuit. Based on the type of particles, the 
concentration, and the location thereof, such particles 
can influence the shape and intensity of the electric field 
in a desired manner. 

[0022] Further features and advantages will become 
apparent from the following and more particular descrip- 
tion of the preferred and other embodiments of the in- 
vention, as illustrated in the accompanying drawings in 
which like reference characters generally refer to the 
same parts, elements orf unctions throughout the views, 
and in which: Fig. 1 is a cross-sectional view of a touch- 
s nsitive semiconductor chip illustrating the convention- 
al layers of passivation; Fig. 2 is a cross-sectional view 
of a portion of a touch-sensitive semiconductor wafer 
showing the use of an organic polymer for the physical 
interface of the chip;Fig. 3 is a top view of a portion of 
the chip shown in Fig. 2;Fig. 4 is a top view of an em- 
bodiment of a touch-sensitive integrated circuit with a 
physical int rface;Fig. 5 illustrates a cross-sectional 
view of a touch-sensitive chip constructed in accord- 
ance with another embodiment of the invention, where 



standard planarizing and passivation material layers 
have been replaced by an organic polymer layer; Fig. 6 
is a cross-sectionai view of the wafer of Fig. 5, but with 
a gettering agent disposed in the surface of the polymer 
5 physical interface; Fig. 7 illustrates a cross-sectional 
view of a portion of an integrated circuit provided with a 
polymer layer covering conventional passivation layers, 
where the polymer layer has embedded therein particles 
for influencing the electric field;Fig. 8 illustrates a cross- 
10 sectional view similar to that of Fig. 5, but with an exam- 
ple of the shape of an electric field;Fig. 9 illustrates the 
integrated circuit of Fig. 8 with particles embedded in 
the polymer layer, and the resultant shape of the electric 
field; Figs. 10a and 10b are enlarged photograph imag- 
es es that illustrate respectively the sensitivity of a moist 
and dry finger as applied to the physical interface of a 
touch-sensitive chip; and Figs. 11a and 11b are en- 
larged photograph images that illustrate respectively the 
latency of a fingerprint on a prior art physical interface, 
20 and a physical interface that is constructed using a fiuor- 
ocarbon polymer. 

[0023] The preferred and other embodiments of the 
invention are described below. However, it is to be un- 
derstood that the principles and concepts of the inven- 
ts tion can be used in many other applications, and are not 
limited to touch-sensitive devices where a physical stim- 
ulus such as a finger touch, is input thereto. While the 
features of the invention are described in connection 
with a touch-sensitive integrated circuit, such features 
30 can be employed with many other integrated circuits, in- 
cluding chips where the physical input to the chip in- 
cludes a sliding or wiping touch to the physical interface. 
In the latter type of touch-sensitive chip, the underlying 
circuits employ a scanning technique to rasterize the im- 
35 age of the object moved across the physical interface. 
In the description that ensues, the drawings do not illus- 
trate the devices to scale, especially the thickness of the 
various material layers. 

[0024] With reference to Fig. 2, there is shown an em- 

40 bodiment of the invention where the physical interface 
30 is exposed to the environment so that a physical stim- 
ulus can be input to the chip. As noted above, when this 
situation is encountered, the physical interface 30 must 
be resistant to chemicals and be durable so as not to be 

45 damaged by objects scratching or striking the surface 
of the physical interface 30. In the formation of an inte- 
grated circuit on a substrate 14 providing a physical in- 
terface 30, it is realized that the other portions of the 
device may be encapsulated with a plastic, ceramic, or 

so other suitable encapsulation material. 

[0025] It has been found that an ideal material with 
which the physical interface can be formed is a fiuoro- 
carbon polymer 32. One polymer 32 that is believed to 
be well adapted for use in connection with the invention, 

55 and as described below, is informally identified as Te- 
flon® AF amorphous fluoropolymers, as described in 
detail in U.S. Pat. Nos. 4,977,297 and 4,982,056, both 
by Squire. The disclosures of such patents are incorpo- 
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rated herein by refer nee. This type of polymer lends 
itself well to use in semiconductor fabrication processes, 
especially as a spin-on material, ism chanically durable 
and is resistant to many chemicals. 

[0026] The touch-sensitiv int grated circuit of Fig. 2 s 
has a physical interface 30 with a fluorocarbon polymer 
32 providing the thin film as a protective cover thereto. 
The polymer film 32 provides environmental protection 
to the underlying metal pattern 10 forming the fringing 
capacitors. Each fringing capacitor defines a pixel which 
produces an electric field that is affected by the dielectric 
properties of the object touching the physical interface. 
The dielectric constant of human flesh is in the range of 
about 30 to 80, and the. dielectric constant of air is unity. 
The circuits of the sensor chip differentiate the differ- 
ence in the dielectric constants of the fingerprint, which 
is the ridge flesh, and the fingerprint gap, which is air. 
The sensing circuits connected to the capacitor metal 
pattern 10 which detect changes in the electric field can 
be of the type disclosed in U. S. Pat. No. 6, 114, 862 by 
Tartagni et al. It is understood that many fringing capac- 
itors and corresponding metal patterns are formed near 
the surface of the semiconductor chip, such as shown 
in Fig. 3. 

[0027] in practice, in the touch-sensitive integrated 
circuit shown in Fig. 4, the area of the physical interface 
30 may be about 12.8mm by 18.0 mm (.504 inch by. 
708 inch). With this arrangement, the physical interface 
30 is sufficiently large to accommodate the touching 
thereof by a fingertip. The ridges and valleys of the fin- 
gerprint are sensed by the matrix of fringing capacitors 
so that the fingerprint can be characterized in digital 
form as an image, and easily compared by a processing 
system with a reference print(s). To that end, the thin 
film polymer 32 has a low dielectric constant of about 
2.0, or less, thus enabling the fingerprint to be electri- 
cally coupled to the sensing capacitors with a low atten- 
uation. The polymer film 32 is compliant, and not brittle 
like silicon carbide and silicon nitride, thereby providing 
a mechanically durable material that resists scratching, 
cracking or breaking when sharp or pointed objects are 
caused to contact or strike the polymer film 32. The com- 
pliant nature of the polymer film 32 allows surface loads, 
such as those caused by particles of objects, to be re- 
distributed over a larger area, thus reducing the stress 
intensity on the underlying circuit structure. 
[0028] The fluorocarbon polymer film 32 can be of dif- 
ferent types of polymers, and applied over the surface 
of the physical interface 30 by various means. For ex- 
ample, the fluorocarbon polymer 32 can be applied by 
standard semiconductor processing spin-on tech- 
niques, using mask materials and etchants recommend- 
ed by DuPont. A polymer of the type Teflon® AF1 601 S 
available from DuPont, is well adapted as a spin-on ma- 
terial for depositing films as thin as on micron. A spin- 
on fluorocarbon polymer is preferably used when used 
in li u of the standard silicon-based passivation lay rs. 
This particular polymer has a low di lectric constant in 



the range of about 1 .89 to 1 .93. In the present applica- 
tion, the polymer can be deposited by spin-on tech- 
niques to a thickn ss in the range between about 1 to 
25 microns, and preferably between 1 and 8 microns. 
Th thickn ss of the spin-on polymer also depends on 
whether the layer is utilized as a protectiv coating, or 
as a planarizing layer. Beyond a thickness of about 25 
microns, the signal attenuation becomes significant. As 
is well known, the spin-on technique for depositing ma- 
terials on semiconductor wafers is carried out in the 
"front end" of the fabrication process. The front end of 
a semiconductor processing facility is generally main- 
tained in a clean room atmosphere which is highly con- 
trolled as to the temperature, the cleanliness in terms of 
particles per volume of room air, gaseous components, 
etc. 

[0029] There may be situations or applications in 
which the depositing of a fluorocarbon polymer by spin- 
on techniques is not efficient or practical. It has been 
found that certain fluorocarbon polymers are well adapt- 
ed as spray-on films. A polymer typically known as Du- 
Pont 954-1 00 can be deposited to various thicknesses 
on the order of a hundred microns, as a carefully con- 
trolled spray. This polymer is particularly applicable as 
it provides an excellent and clear image. Other Teflon S 
series polymers supplied by DuPont may also be used. 
The fluorocarbon polymer identified as type 958-203 ex- 
hibitsa high gain, but may cause background noise. The 
spray-on polymer can be applied to the chip as the phys- 
ical interface 30 and not to other areas of the chip by 
using standard spray coating techniques such as spray 
shields, masking tapes, and precision spray equipment. 
When using these techniques, an etchant for the fluor- 
opolymer is not needed. When masking is employed, 
masking tape having an opening can be applied to the 
chip so that the polymer can be sprayed only on the area 
of the chip desired to be covered with the polymer. When 
the chip is ready for curing, the tape can be removed. 
[0030] The spray-on polymer can be applied over the 
physical interface 30 at either the chip level or the wafer 
level. It is anticipated that thin spray-on films can be 
formed with thicknesses in the range of about 5 to sev- 
eral hundred microns, depending on the type of polymer 
used. It is contemplated that a thickness in the range of 
about 8 to about 25 microns would be desirable. Spray- 
on equipment adapted for use with the invention may 
include pressurized spray equipment, nozzles and a 
suitable enclosure for preventing airborne particles from 
contaminating the spray-on process. The selection of a 
nozzle to achieve a desired film thickness is well within 
the skill of those familiar with spray coating techniques. 
Typically, a conveyor of a conventional type can be uti- 
lized to move the chips or wafers through the spray-on 
station, to a curing station. The spray-on polymer is 
cured by subjecting the wet film to a dry air t mperature 
for a suitable period of time. The time/temperature con- 
ditions for curing the wet film are preferably thos spec- 
ified by the manufacturer of the particular type of poly- 
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mer used. 

In the vent that the cured polym r film requires 
patterning, such material can be etched by conventional 
etchants. 

[0031] The advantage of the spray-on technique is 
that such technique can be carried out in an atmospher 
which is much less stringent than that required of many 
clean rooms. Indeed, a liquid fluorocarbon polymer can 
be sprayed on the physical interface 30 of the chip in 
conventional room environments. Another advantage of 
the spray-on polymer is that it is self planarizing and re- 
quires no additional processing to achieve a smooth out- 
er surface. A smooth exterior surface of the physical in- 
terface 30 is required so that any peaks or valleys there- 
in are not interpreted as features in the object touching 
the physical interface 30. 

[0032] Post-fab clean room applications of the fluoro- 
carbon polymer may also include the dispensing of a 
liquid droplet on the chip or wafer, dipping the chip in a 
pool of the liquid polymer, etc. Irrespective of the method 
of application, when the fluorocarbon polymer 32 is de- 
posited directly over the fringing capacitor metal net- 
work, a thin dielectric is the only layer of material sepa- 
rating the object touching the chip from the fringing ca- 
pacitors which sense the contour of the object. It is thus 
apparent that with a thin dielectric layer of the polymer 
32 and with a low dielectric constant, a highly sensitive 
lectrical interface is realized. In addition to the excel- 
lent electrical properties in the touch-sensitive chip ap- 
plication, the fluorocarbon polymer is chip, crack and 
scratch resistant and is highly resistant to many chem- 
icals typically encountered in commercial and military 
uses. 

[0033] In the event that those skilled in the art desire 
to maintain a passivation layer of silicon carbide and/or 
silicon nitride covering the chip, then such layer(s) can 
nevertheless be applied in a conventional manner on 
the chip in the area of the physical interface 30, and then 
the fluorocarbon polymer 32 deposited thereover. The 
advantages of the polymer are not compromised by de- 
positing the film over the traditional passivation layer(s). 
However, when a combination of a passivation layer and 
the polymer layer 32 is employed, the composite thick- 
ness of the layers is increased, thus reducing the sen- 
sitivity of the device, especially when using fringing ca- 
pacitor circuits. Preferably, the fluorocarbon polymer 
film 32 provides an excellent passivation layer itself, and 
thus when used without additional passivation layers, 
the overall material thickness between the fringing ca- 
pacitor structure and the object touching the physical in- 
terface 30 is minimized. Optimal sensitivity is thus 
achieved by reducing the attenuation in the capacitive 
coupling between the object and the fringing capacitor 
structure. In addition, by eliminating the traditional pas- 
sivation iayer(s), material costs are reduced, as are la- 
bor costs. 

[0034] In accordance with another feature of th in- 
vention, a fluorocarbon polym r can be employed to 



planarize various surfaces of the wafer during process- 
ing. It is believed that the polymers identified as DuPont 
AF 1106 and AF 2400 are well adapted as planarizing 
materials that can be used in accordance with standard 

5 s miconductor proc ssing methods. Other organic 
fluorocarbon polymers may be equally suitable for use 
as planarizing materials. Ratherthan using the FOX ma- 
terial layer 24, as shown in Fig. 1 , for planarizing the 
layer in which the fringing capacitor metal is formed, a 

10 polymer can be used in lieu thereof. Indeed, the stand- 
ard FOX planarizing material can be replaced, as well 
as the standard passivation layer(s), with one fluorocar- 
bon polymer layer. 

[0035] Fig. 5 illustrates in cross section a small portion 
15 of a semiconductor wafer where the standard material 
layers noted above have been replaced with a single a 
layer of an organic polymer 40. Here, the polymer layer 
40 is deposited over the patterned metal layer 1 0 so as 
to planarize the surface and make it smooth and fea- 
20 tureless. 

[0036] It is noted that a sufficient thickness of the pol- 
ymer 40 is deposited so that an upper portion of the pol- 
ymer functions as a passivation layer to the metal layer 
1 0. It is anticipated that a total thickness of the polymer 

25 layer 40 may be in the range of about 7 microns. It is 
realized that the thickness of the polymer layer 40 is a 
function of the thickness of the metal layer 10. Metal lay- 
ers typically functioning as fringing capacitors are about 
2 microns thick. Preferably, the thickness of the polymer 

so 40 located above the metal pattern 10 is about 5 mi- 
crons. 

[0037] As noted above, the organic fluorocarbon fam- 
ily of polymers are not only well adapted for semicon- 
ductor processes, but such polymers are self planariz- 

35 jng. This means that no other processes are necessary 
to achieve a planarized top surface. Whether the fluor- 
ocarbon polymer is spun or sprayed on the wafer sur- 
face, such material is initially in liquid form and thus sets 
with a smooth top surface. After a smooth surface is set 

40 into the organic material, the polymer is soft baked in 
the manner described above. 

[0038] The structure shown in Fig. 5 lends itself well 
to an efficient and low cost physical interface 30 that is 
thin, mechanically durable, compliant, and resistant to 
45 chemicals. The small distance between the top surface 
of the polymer 40 and the underlying capacitor metal 
network 10 provides low attenuation for the coupling of 
the electric field between the object and the fringing ca- 
pacitor. The low attenuation of the electric field and th 
so low dielectric constant exhibited by the fluorocarbon pol- 
ymer make an excellent combination of properties for a 
high sensitivity capacitor sensor. 
[0039] With reference now to Fig. 6, there is shown 
the wafer of Fig. 5, but with a gettering agent 42 dis- 
ss posed in the surface of the polymer physical interfac 
40. Preferably, the gett ring agent 42 can be electrons 
or other ions suitable for immobilizing or pinning d lete- 
rious ions. Phosphorus can be implanted to getter sodi- 
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um ions. The getter electrons or ions can be implanted 
into the surface of the polymer 40 by conv ntional ion 
implant equipment. The depth to which the electrons or 
ions are disposed under the surface of th polymer 40 
is a function of the en rgy with which the electrons or 
ions are driven into the polymer 40. El ctron implanta- 
tion into polymers for use as microphones is disclosed 
in the publication entitled "A Micromachined Thin-film 
Teflon Electret Microphone", by Hsieh et. al., presented 
at Nepcon West, February 1 999, Anaheim Ca. The dis- 
closure of this publication is incorporated herein by ref- 
erence. 

[0040] In the event that the gettering agent 42 is to be 
selectively implanted at desired locations in the polymer 
40, then an implant mask, such as a physical block or 
photoresist material, can be used. The masking material 
can be deposited by conventional means on the surface 
of the wafer and patterned to open areas where the get- 
ter is to be implanted. In the masked areas of the wafer, 
the getter will not penetrate therethrough and thus will 
not be deposited in the underlying polymer 40. 
[0041] In integrated circuits of the type which involve 
the use of electric fields, such as the fringing capacitor 
type employed with touch-sensitive chips, the selection 
of materials, the shape and configuration of the materi- 
als, and other parameters are important considerations. 
The principle of operation of the touch-sensitive chip is 
directly related to the nature of electric fields between 
the object and the sensor circuit which comprises the 
fringing capacitor network. As noted above, the type of 
dielectric, thickness thereof and other physical proper- 
ties determine the nature of the electric field. In various 
types of sensors adapted to sense fingerprints, the die- 
lectric differences between the ridges and valleys of the 
fingerprint produce corresponding variations in the elec- 
tric fields, and thus influence the underlying fringing ca- 
pacitor network. The strength or intensity of the electric 
field is sensed by the sensor capacitors and is converted 
to digital form for use in subsequent processing to re- 
produce the fingerprint pattern, or compare the same 
with one or more reference prints. 
[0042] In accordance with another feature of the in- 
vention, the f luorocarbon polymer is well adapted for se- 
lective implant to modify or otherwise influence the char- 
acteristics of the electric field that exists between the 
object and the underlying circuit. Fig. 7 illustrates an em- 
bodiment of the invention where a fluorocarbon protec- 
tive layer 50 has been deposited over the conventional 
silicon nitride layer 26 and silicon carbide layer 28. As 
noted above, this combination alone allows the two sil- 
icon-based layers 26 and 28 to be made thinner than in 
conventional practices. Implanted or otherwise depos- 
ited in the polymer layer 50 is an accumulation of parti- 
cles 52, including electrons, ions or other matter that are 
capabl of influencing an electric field. 

In the preferred embodiment, the particles 52 are 
implanted with an nergy and dosage suitable to 
achieve a concentration that influ nces the electric field 



in the manner desired, it being realized that particles of 
various polarizations and concentrations will affect the 
electric fi Id in different ways. 

[0043] Fig. 7 also illustrates that the particles 52 are 
5 selectively deposit d in the polymer 50 so that the con- 
centration of the particles 52 varies from one location to 
another. Here, the concentration of the particles 52 is 
much higher in the location overlying the metal path 54, 
than in other regions in the polymer 50. The selective 

10 deposition of the particles, whether they be electrons, 
ions or other matter, can be achieved by forming a mask 
over the wafer, such as a photoresist type mask, and 
patterning the mask to open an area over the metal path 
54. When the wafer is subjected to the implant opera - 

15 tton, the particles will pass through the opening into the 
exposed polymer. In the other areas of the polymer that 
are covered with the mask material, the particles will not 
pass through the mask and thus the underlying polymer 
will not be implanted. Various other mask materials can 

20 be used for different types of particles and processes of 
deposition other than implant techniques. Indeed, vari- 
ous masking steps may be carried out in a sequence 
such that some areas can be implanted at different 
depths as compared to other areas, and/or implanted 

25 with different concentrations or types of particles. 

[0044] By utilizing particles embedded in the polymer 
50, the electric field can be influenced in the manner 
desired. The electric field can be made to be more sen- 
sitive in some areas, and less sensitive in other areas. 

30 in those circuit areas where the electric field is to be min- 
imized, then the overlying polymer area can be implant- 
ed with the type of particle that tends to cancel the elec- 
tric field at that location. The electric field can, on the 
other hand, be made to accentuate the electric field in 

35 areas by embedding particles that achieve an enhance- 
ment of the electric field. In addition to the influence of 
the electric field, the particles can also function to getter 
deleterious ions, as noted above. 
[0045] Fig. 8 illustrates a semiconductor structure 

40 much like that shown in Fig. 5, with an electric field 56 
that may be characteristic of such a structure. It is real- 
ized that the shape of the electric field 56 is only repre- 
sentative, it being realized that the actual shape would 
be much more complex. In any event, the electric field 

45 56 that exists between the object and the capacitor sen- 
sor circuits is of a specified shape, and affects the sen- 
sor circuits accordingly. When the polymer 40 is implant- 
ed with particles 58 as shown in Fig. 9, the electric field 
60 is influenced such that the shape thereof is different 

50 from that shown in Fig. 8. When different areas in the 
polymer 40 have particles embedded therein, the inter- 
action of the respective electric fields themselves will 
produce an effective field that is different from the indi- 
vidual fields. Those skilled in the art can determine by 

55 experimentation the areas of the wafer and particle dos- 
ag s and typ s that are necessary to achi ve the de- 
sir d infiuenc on the electric fields. 
[0046] The quality of the image, in terms of contrast, 
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of a touch-sensitive chip is proportional to the amount 
of moisture on the skin of the person* s finger touching 
the physical interface. The high rthe moisture content, 
the higher the image contrast betw en ridges and val- 
leys. The image of a wet fingerprint is darker in contrast s 
than a dry fingerprint. This is shown in Figs. 10a and 
10b, where the person's finger in Fig. 10a is moist and 
in Fig. 1 0b the person's finger is dry. Excessive moisture 
and/or oils can interfere with the imaging of a fingerprint, 
in that such liquids can pool in the valleys between the 
ridges of the fingerprint and degrade the contrast be- 
tween unique features of the fingerprint. Excessive 
moisture and/or oils on a person's finger can also leave 
a residue on the physical interface that contributes to 
ghosting during the imaging process. It can be seen that 
the moisture level of skin can thus be correlated with the 
level of contrast of the image. An algorithm can be de- 
veloped that could thus measure the skin moisture con- 
tent. It may also look at other areas of skin, other than 
the fingertip, to determine if there is more sensitivity on 
the palm, nose, or arm etc. It may then be useful to di- 
agnose moisture levels for hand treatment. And, if suf- 
ficiently sensitive, the system could measure such 
things as dehydration levels for medical diagnosis, or 
diagnose other dermatological problems. 
[0047] Fingerprint readers in general, and the touch- 
sensitive chips in particular, have problems converting 
very moist fingers to corresponding images. The prob- 
lem is that moisture from the finger directly overdrives 
the image, making it easier to leave a latent print. A "la- 
tent print" is a residual of the image after the finger is 
removed form the physical interface 30. The sensitivity 
of the latent fingerprint is a function of the material and 
surface states remaining on the interface surface of the 
sensor. 

[0048] Many touch-sensitive chips exhibit a hyper- 
sensitivity to residue, such as soap and hand lotion, that 
remains on the surface of the physical interface after the 
person's finger is removed therefrom. Sensors in gen- 
eral can become overly sensitive to residual moisture 
and oils. In extreme cases of hypersensitivity, the cir- 
cuits are unable to capture a usable image. 
[0049] In practice, it has been found that the use of a 
fluorocarbon polymer physical interface does not exhibit 
this hypersensitivity. An example can be seen in Figs. 
1 1 a and 1 1 b. Fig. 1 1 a illustrates the latency of a finger- 
print on a physical interface constructed according to the 
prior art. Before any fingerprint was applied to the phys- 
ical interface, the sensor circuits provided an image of 
a monotonic grey image. After a fingerprint was applied 
to the physical interface, and removed, the residual fin- 
gerprint that was effectively sensed -was that shown in 
Fig. 11a. 

[0050] In contrast, when the physical interface is con- 
structed with a fluorocarbon polymer, the background of 
the "image" sens d by the sensor circuits, aft rtouching 
by a person's f ing r, was characterized as random sp - 
ci s. No residual print was sensed. This feature of the 



invention facilitates the high resolution imaging of ob- 
jects applied to the physical interface. 
[0051] It is believed that the substantial reduction in 
latency of fingerprints on the fluorocarbon polymer is re- 
lated to its hydrophobic and oleophobic characteristics. 
It is known that the presence of polarized liquids, such 
as moisture, skin oils, hand lotion, etc., can fill the val- 
leys between the ridges of fingerprint. Hydrophobic and 
oleophobic surfaces, such as the surface of a fluorocar- 
bon polymer, ficilitate the dispersion of such liquids from 
the valleys and thereby reduce or eliminate the adverse 
latency effects. The surface of the fluorocarbon polymer 
aids in the removal of the moisture between the ridges 
of het fingerprint by way of capillary action. The problem 
of "wet finger" is thus reduced substantially. 
[0052] In any of the embodiments described above, 
those skilled in the art may use various means to protect 
the touch -sensitive chip against damage or destruction 
by electrostatic discharge currents and voltages. Vari- 
ous metal ESD grids and patterns can be formed around 
the periphery of the sensor capacitor matrix, and con- 
nected to ground. With this arrangement, static electric 
discharges from objects to the ESD grid will be carried 
to ground ratherthan through the capacitive sensing cir- 
cuits. 

[0053] Disclosed herein are a number of embodi- 
ments of the invention where a fluorocarbon polymer 
can be employed with integrated circuits to provide a 
robust physical interface thereto. The polymer can be 
used in addition to conventional passivation layers, or 
in replacement thereof. Moreover, the polymercan have 
particles embedded therein over the entire area, or in 
selected areas to provide a getter agent for deleterious 
ions, or to influence the electric field, or both. 
[0054] Although the preferred and other embodi- 
ments have been described in detail, it should be under- 
stood that various changes, substitutions and altera- 
tions can be made therein without departing from the 
spirit and scope of the invention, as defined by the ap- 
pended claims. 



Claims 

1. A semiconductor device having a physical inter- 
face, comprising: 

said physical interface being a portion of the 
semiconductor device which is not encased or 
encapsulated, but allows an external physical 
stimulus to be input to the semiconductor de- 
vice via the physical interface; and 
an organic fluorocarbon polymer covering said 
physical interface. 

2. The semiconductor device of claim 1 , wherein said 
fluorocarbon polymer functions as a passivation 
layer to said physical interface. 
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3. The s miconductor d vie of claim 2, wherein said 
fluorocarbon polymer is formed on said physical in- 
terface with a depth in the range of aboutl micron 
to aboutl 00 microns. 

5 

4. The semiconductor device of claim 3, wherein said 
fluorocarbon polymer is spray coated on said phys- 
ical interface. 

5. The semiconductor device of claim 1 , further includ- 10 
ing a metal network, and wherein said fluorocarbon 
polymer is deposited overlying said metal network 
and in contact with said metal network. 

6. The semiconductor device of claim 5, wherein said is 
fluorocarbon polymer has a planarized top surface 
that is exposed to the environment and is physically 
available for physical contact by an external object. 

7. The semiconductor device of claim 1 , wherein said 20 
device includes a metal network covered by at least 
one inorganic passivation layer, and said fluorocar- 
bon polymer is deposited over the inorganic passi- 
vation layer. 

25 

8. The semiconductor device of claim 7, wherein said 
fluorocarbon polymer is applied to a top surface of 
said inorganic passivation layer by a process se- 
lected from a group consisting of spraying, dipping 
and liquid dispensing. so 

9. The semiconductor device of claim 1 , further includ- 
ing a layer of silicon carbide formed in said physical 
interface, and further including said fluorocarbon 
polymer formed over said silicon carbide to reduce 35 
damage by concentrated impact loads by objects 

on said silicon carbide. 

10. A semiconductor device having a physical interface 

for allowing an external physical stimulus to be input *o 
to the semiconductor device, comprising: 

a conductor structure formed with said semi- 
conductor device, said conductor structure 
functioning to provide an electric field; *s 
a fluorocarbon polymer overlying said sensing 
circuits, said fluorocarbon polymer functioning 
as a dielectric layer and as said physical inter- 
face; and 

sensing circuits coupled to said conductor so 
structure for sensing changes in the electric 
field when said external physical stimulus re- 
acts with said physical interface. 



12. The semiconductor device of claim 1 0, wherein said 
physical interface has an area sufficient for applica- 
tion thereto of a fingerprint of a person. 

13. The semiconductor device of claim 10, wherein said 
conductor structure defines a pixel, and further in- 
cluding a plurality of pixels covered by said fluoro- 
carbon polymer dielectric. 

14. The semiconductor device of claim 10, further in- 
cluding a silicon-based passivation layer of material 
covered by said fluorocarbon polymer. 

15. The semiconductor device of claim 14, wherein said 
silicon-base passivation layer comprises silicon ni- 
tride. 

1 6. A method of forming a semiconductor device having 
a physical interface for allowing an external physical 
stimulus to be input to the semiconductor device, 
comprising the steps of: 

forming electrical circuits in said semiconductor 
device; 

forming a sensor structure in said physical in- 
terface, said sensor structure coupled to said 
electrical circuits; 

forming a passivation over the physical inter- 
face to cover said sensor structure, and forming 
said passivation by depositing a fluorocarbon 
polymer, said fluorocarbon polymer having an 
outer surface exposed to the environment; and 
encapsulating the semiconductor device with 
an encapsulant, except for said physical inter- 
face which is not covered by said encapsulant. 

17. The method of claim 16, further including using said 
physical interface as an electrical dielectric. 

18. The device or method of claim 1 , 10 or 16, wherein 
said fluorocarbon polymer havs a dielectric con- 
stant less than about 2.1 . 

19. The method of claim 1 6, further forming the electri- 
cal circuits for sensing a fingerprint, and using said 
fluorocarbon polymer to reduce latency of the fin- 
gerprint once a person's finger is removed from con- 
tact with the physical interface. 



11. The semiconductor device of claim 10, wherein said 55 
fluorocarbon polymer has a thickness betwe n 
about 8 microns and 25 microns. 
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(PRIOR ART) 
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FIG. 1 1 a 



FIG. 1 1 b 
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